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GENERAL INTRODUCTION AND REVIEW OF LITERATURE 
The energy requirements of an animal established under specific 
experimental conditions may not adequately predict the energy utiliza­
tion of animals of similar age and weight but exposed to the variable 
managerial and nutritional environments encountered under practical 
form situations. Therefore, the specific conditions under which the 
system will be expected to perform must be defined and accounted for, 
if an energy feeding system is to be of value at the production level. 
Net energy feeding systems attempt to define the amount of metabo-
lizable energy (ME) available to the animal for maintenance and produc­
tion and are particularly vulnerable because a wide range of factors 
influence the energy requirements and ME utilization of swine. The 
National Research Council (1979) states that the level of feed intake, 
the balance of all nutrients in the diet, the age, breed, sex and con­
dition of the animal and the environmental conditions all influence a 
pigs ability to utilize ME to meet its energy needs. 
The objective of this work was to examine the influence that two 
factors may have on the ME utilization of weanling pigs. The effect of 
grouping pigs in pens rather than confining them individually in 
metabolism cages and the influence of the energy density of a diet on 
ME utilization were examined. The information obtained will provide a 
broader foundation on which to base a net energy system with the flexi­
bility to accurately adapt to the practical feeding of swine. 
The review of literature which follows will address research that 
has been directed towards the elucidation of the animal, environmental 
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and nutritional factors which influence the energy requirements of 
growing swine and the efficiency of utilization of ME of a diet to meet 
these energy needs. 
Animal Factors 
The growth rate, feed to gain ratio "hody composition of growing 
swine have been shown to be influenced by the genotype, sex and body 
weight of the animal and would suggest that energy requirements and 
energetic efficiency may also be affected by these parameters (Fuller 
et al., 1980). Fowler et al. (1980) summarized a series of experiments 
and concluded that the efficiency of ME utilization for protein and fat 
deposition were best estimated at .52 and .73, respectively. Consider­
ation of those factors that influence body composition would, therefore, 
seem especially pertinent to any discussion of energy metabolism. 
Genotype 
Sharma et al. (1971) compared the energetic efficiency and energy 
requirements of Lacombe and Yorkshire boars, weighing approximately 
20 kg, and reported that Yorkshire boars had a higher fasting heat pro­
duction (FHP) and ME requirement for maintenance (MEm). The efficiency 
of ME utilization for maintenance and gain was not different between 
breeds. The authors concluded that at equal energy intakes the Lacombe 
pigs would deposit more body fat because their maintenance requirement 
is lower. The Lacombe pigs were 1.85% fatter than the Yorkshires. 
Their explanation for the difference in FHP was that basal metabolism 
is a trait specific to breeds. Sharma et al. (1972) reported that the 
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FHP and MEm of approximately 20 kg Yorkshire boars were higher than 
Yorkshire x Hampshire boars, whereas females of the two breeding groups 
had similar energy requirements. The efficiency of ME utilization for 
maintenance and gain was not affected by breeding group. Fuller et al. 
(1976) found no differences in the energy retention of Pietrain and 
Large White X (Landrace x Large White) gilts fed equal amounts of 
energy. 
The variability of the rate, efficiency and composition of gains 
by individuals within a breed would seem to limit comparisons of the 
energy utilization of specific breeds, especially when experimental 
units are few in number. To provide comparisons of animals with more 
dramatic performance and compositional differences, studies have been 
conducted which evaluated the influence of selection pressure within 
a population for improved gains, feed utilization and carcass leanness. 
Sundst^l et al. (1979) reported that pigs selected for low backfat 
thickness and high rate of gain had higher FHP than pigs selected in 
the opposite direction. The efficiency of ME utilization below main­
tenance was higher for the fat strain, but this genotype had a lower 
efficiency of ME utilization above maintenance. One genotype examined 
by Fuller et al. (1980) was representative of the top 20% of the British 
pig herd while the other group of pigs had been maintained for 13 years 
with no genetic selection and represented the bottom 20% of the British 
herd. Although the improved pigs grew an average 70 g per day faster 
over the weight range of 30-90 kg, the two genotypes showed no difference 
in heat production. Siebrits and Kemm (1982) found that an obese strain 
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of South African Laadrace ate more feed, deposited more fat and were 
energetically more efficient than lean pigs of the same breed. 
The benefits of attempting to define the energetic efficiency and 
energy requirements for specific genotypes of pigs would seem limited, 
based upon the inconclusive data currently available. The fact that 
differences in energy utilization have been associated with genotype does, 
however, raise concern when one attempts to apply results achieved with 
animals from one experimental herd to a population in general or even 
when comparing results from different stations. The variation in the 
reported energy requirements and ME utilization efficiency, summarized 
by Fowler et al. (1980), may in part be explained by genotypic differ­
ences of the animals examined. 
Sex 
With pigs weighing approximately 20 kg, no differences in the FHP, 
ME requirement for maintenance or the efficiency of utilization of ME 
for maintenance and gain have been reported among boars, gilts and 
castrated males (Sharma et al., 1972; Ludvigsen, 1980). In a review. 
Fuller (1981) concluded that differences between the sexes in growth 
rate and body composition depend on the stage of growth when the measure­
ments are made because the differences result from endocrine changes 
accompaning sexual development. 
Fuller et al. (1980) and Ludvigsen (1980) reported that, as a per­
centage of ME intake, the heat production of 60 kg boars and gilts were 
similar and higher than barrows. Less protein deposition and greater 
deposition of energy as fat by the barrows was responsible for their 
5 
lower heat production compared with the boars and gilts. Ludvigsen 
(1980) demonstrated that the heat production and efficiency of energy 
utilization of barrows fed diethylstilbestrol + methyltestosterone was 
comparable to boars and gilts. 
Valach-Janiak et al. (1980) reported that the energy costs for 
maintenance and protein deposition were higher for boars than castrated 
males. Over the weight range of 30 to 100 kg, Walach-Janiak et al. 
(1980) estimated the maintenance requirement of boars to be 9% higher 
than that of castrates. This difference is similar to the 10% differ­
ence in heat production between boars and barrows reported by Ludvigsen 
(1980) but higher than the 5.5% difference reported by Fuller et al. 
(1980). 
The data available would seem to indicate that differentiation of 
the energy utilization between sexes is not justified until pigs weigh 
at least more than 20 kg. As the animal matures, however, differences 
in energetic efficiency and energy requirements between sexes seem 
apparent and should be considered in energy studies. 
Body weight 
Considerable disagreement exist in the literature as to the rela­
tionship between body weight and maintenance energy requirements. 
Although it is well-established that MEm increases with increasing body 
weight, attempts to define a specific mathematical model which explains 
the relation between these two variables, over a wide range of body 
weights, have been far from conclusive. 
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The relationship between heat loss and body weight is most often 
expressed by the equation; Heat loss = a »(body weight)^, where a and b 
are constants (Mount and Holmes, 1969). There is, however, little 
agreement as to a single value for the exponent, b, to be used in this 
equation. Mount and Holmes (1969) reviewed several studies and values 
ranging from .4 to 1.1 were reported as the suggested most appropriate 
exponent. The values of the exponent tended to decrease as body weight 
increased. 
Fowler et al. (1980) summarized twenty-two experiments in which 
MEm were determined and concluded that, over a wide range of body weights, 
MEm was not consistently described by the commonly used equation: MEm = 
a•(Body weight)'. They reported that the pooled data of these studies 
supported the use of .66 as the exponent rather than .75. 
Individual experiments that challenge the effectiveness of .75 as the 
exponent to use over a wide range of body weights have been reported by 
Berschauer et al. (1980) and Schneider et al. (1982). Both experiments 
demonstrated a decrease in MEm, expressed as kcal/(body weight, kg)'^^, 
when the animals increased in weight. In support of the exponent, .75, 
Kielanowski and Kotarbinska (1970) and Burlacu et al. (1976) reported 
exponents of .72 and .73, respectively, as the most appropriate for 
expressing maintenance energy requirements. 
The problem of how to best express MEm is complicated further by 
the work of Thorbek and Henckel (1976) and Thorbek et al. (1982), which 
suggest that over a wide range of live weights, no constant value of MEm 
in relation to live weight can be obtained if body weight is raised to 
the .75 power. They reported that their data was best explained by 
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relating MEm to body weight using the equation: MEm = k + a *(Body 
weight) where a and k are constants. 
The influence of body weight on the efficiency of ME utilization 
for growth seems far less controversial. As the pig increases in weight, 
the percentage of the total gain deposited as protein decreases while 
fat deposition increases (Oslage and Fliegel, 1965; Thorbek, 1969). 
Protein deposition is energetically less efficient than fat deposition 
(Fowler et al., 1980). Therefore, the efficiency of ME utilization for 
production improves as body weight is increased (Thorbek, 1969; 
Berschauer et al., 1980; Verstegen et al., 1982). Oslage and Fliegel 
(1965) also reported an increase in the efficiency of ME utilization as 
body weight increased from 30 to 80 kg, but did show a decline in the 
energetic efficiency as weights were increased to 160 kg. 
In order to determine the efficiency of ME utilization for gain, an 
estimate of MEm for the animal must be made. Halter et al. (1980) 
reported that the efficiency of ME utilization for growth varied, depend­
ing on the exponent used to express the maintenance requirement. The 
inadequacies of our current knowledge of the effect of body weight on 
the maintenance requirements for growing swine would seem to make abso­
lute values suggested for the efficiency of ME utilization very suspect. 
Activity 
If energy balance studies are made with groups of growing pigs, 
spontaneous activity by the animals may cause considerable variation in 
the pigs' metabolic rate (Verstegen et al., 1982). Hornicke (1970) 
reported that, with individually confined pigs, the energy cost of 
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activity was 8.8% of the total daily energy consumption. He also sug­
gested that with very young pigs and under conditions of restraint, 
transport or social fighting, this energy demand may be larger. Halter 
et al. (1980) and Verstegen et al. (1982) reported the energy cost of 
activity for pigs maintained in groups of 3 to 8 pigs was 15-30% of the 
maintenance energy cost. McCracken and Caldwell (1980) demonstrated that 
activity heat amounted to 13 to 17% of the fasting heat production of 
weanling pigs maintained in groups of six pigs. 
The energy cost of spontaneous activity has been reported to increase 
and be more variable as the feeding level is reduced to near maintenance 
(Halter et al., 1980; Verstegen et al., 1982). McCracken and Caldwell 
(1980), however, reported a decrease in activity by fasted pigs. 
Webster (1980) suggested that these changes in activity raise question 
about the wisdom of basing estimates of the efficiency of utilization 
of ME for rapid growth in pigs on experiments that include maintenance 
as a treatment. 
van Es (1982) suggested that the energy cost of activity decreased 
with age. Verstegen et al. (1982), however, reported only a small reduc­
tion in the estimated activity related heat production when animals 
reached heavier weights. Hornicke (1970) stated that larger animals 
should use more energy, per kg weight and minute, for standing than 
smaller ones. 
Environmental Factors 
Thermal neutrality is a concept which is basic to the consideration 
of a pig's energy exchange. Thermal neutrality is the range of environ-
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mental temperatures in which heat production by the animal is constant 
and at a minimum and retention of dietary energy is maximized. The posi­
tion of this thermal neutral zone on the ambient temperature scale is 
influenced by both nutritional and environmental factors (Close, 1980). 
The following discussion will examine factors which influence the posi­
tioning of the thermal neutral zone and the effects which maintaining an 
animal outside the optimal temperature range have on energy requirements 
and utilization. 
Effects on maintenance energy requirements 
The lower end of the zone of thermal neutrality is termed the 
lower critical temperature (LCT). Below the ICT the maintenance require­
ment increases to maintain a constant body temperature (Close and Mount, 
1978). Factors that influence a pig's LCT have been extensively reviewed 
by the Agricultural Research Council (1981) and the National Research 
Council (1981) and are level of feed intake, body weight, group size, 
rate of air movement, radiant temperature and bedding and floor type. 
The Agricultural Research Council (1981) suggest that the extra 
thermoregulation heat production (H) below the LCT can be predicted 
from the equation: H = (1.31"W + 95)(LCT-ET), where H is in KJ/day, 
W is body weight in kilograms and LCT and ET (environmental temperature) 
are both in degrees celcius. By assuming a partial efficiency of energy 
utilization below LCT, this equation can be used to predict the addi­
tional energy required to maintain growth at a rate similar to that 
achieved within the zone of thermoneutrality. Fuller and Boyne (1972) 
and Close (1978) have suggested a partial efficiency of .8 for energy 
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utilization below the lower critical temperature. As mentioned above, 
a variety of factors can influence the LCT of a pig. Modeling procedures 
have been employed by Mount (1975) and Bruce and Clark (1979) in an 
attempt to accurately predict the LCT of a pig under practical farm con­
ditions . 
The effects of maintaining a pig in a hot environment on energy 
requirements have been less extensively studied. Holmes (1973, 1974) 
demonstrated that heat production of 20-75 kg pigs maintained at 34°C 
increased compared with pigs receiving equal energy intakes but main­
tained at 25°C. He was, however, unable to determine if the increased 
heat production was the result of an increase in MEm or a reduction in 
the net efficiency of ME utilization above maintenance. As with the 
LCT, the upper critical temperature is dependent on body weight, feed 
intake, air speed, group size, thermal radiation and housing and equipment 
factors. Relative humidity is of far greater importance during heat 
stress than in the cold because the pig must rely on evaporative heat 
loss to dissipate excess body heat (National Research Council, 1981). 
Effects on energy utilization efficiency 
A reduction in the environmental temperature below the LCT not only 
increases the energy requirement for maintenance but also causes a change 
in the efficiency by which energy is utilized for growth (Close, 1980). 
Below the LCT, heat produced during protein and fat synthesis spares some 
of the extra thermoregulatory heat production so that the efficiency of 
ME utilization above maintenance is higher than at temperatures within 
or above the thermal neutral zone. Above maintenance, the efficiency of 
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ME utilization is suggested to be within the range 1.0-.8 below the LCT, 
.8-.7 within thermal neutrality and .7-.6 above the upper critical temper­
ature (Close, 1978). 
Nutritional Factors 
A diet that efficiently meets the needs of an animal must make 
available to the metabolic sites within the animal each nutrient at a 
level that promotes optimal growth (Cole et al., 1972). It would seem 
apparent that any nutritional inadequacy would result in a change in 
energy utilization. This discussion will not attempt to define the 
specific influences of each nutrient on energy metabolism. It will focus, 
instead, on the effects of feeding frequency and level on energy utiliza­
tion and the efficiency by which energy derived from fiber and fat are 
utilized to meet the energy needs of the animal. 
Feeding frequency 
Sharma et al. (1973) compared the energy metabolism of weanling pigs 
fed either two or five times daily. Fasting heat production and Mem were 
higher for pigs fed five times daily; however, these pigs were more 
efficient in utilizing ME above maintenance for gain than pigs fed twice 
daily. Braude et al. (1970) also showed improved energetic efficiency 
with more frequent feeding of baby pigs, while Friend and Cunningham 
(1964) did not find any differences in the efficiency of caloric conver­
sion to protein and fat in 55 kg pigs fed once or five times daily. 
Despite finding differences in MEm and the efficiency of ME utiliza­
tion for gain, Sharma et al. (1973) found no effect of feeding frequency 
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on the rate of lipogenesis in adipose tissue or in the final chemical 
composition of the pigs. O'Hea and Leveille (1969) also found no effect 
of feeding frequency on fat synthesis in adipose tissue, and Braude at al. 
(1963) did not observe an effect of feeding frequency on body composition. 
Reports of reduced fat deposition by infrequently fed pigs are, however, 
numerous (Allen et al., 1963; Friend and Cunningham, 1964; Friend and 
Cunningham, 1967; O'Hea and Leveille, 1969; Walker, 1970). 
Most studies in which the energy requirement of swine are evaluated 
require feeding the animals at graded levels of intake below ad libitum 
feed intake. Because the pigs are not allowed continuous access to feed, 
a feeding frequency must be adopted. The results described above would 
indicate that the feeding regime chosen could influence energy utiliza­
tion and would certainly warrant concern when attempting to apply the 
results to pigs which are allowed free access to feed, as is the case on 
most swine farms in the United States. 
Feeding level 
Feeding level apparently does not influence the efficiency of ME 
utilization, as the pig has been shown to utilize ME as efficiently for 
growth as for maintenance (Nehring and Haenlein, 1973; Just-Nielsen, 1975; 
Ewan, 1976). There are, however, several reports that indicate that 
higher levels of feeding may increase a pig's fasting heat production 
(Kotarbxnska and Kielanowski, 1969; Gray and McCracken, 1980; Koong 
et al., 1982). If differences in maintenance requirements occur at 
different levels of feeding, the conclusion that ME utilization effi­
ciency is not affected by feeding level would certainly be in question 
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because experiments evaluating the efficiency of ME utilization assume 
a constant maintenance requirement when expressed on the basis of kilo­
grams body weight raised to some power, usually .75. 
There are, however, several problems encountered when attempting to 
determine the effects of feeding level on maintenance requirements which 
can cast uncertainty on the conclusion drawn (Gray and McCracken, 1980). 
Their method involved measuring the heat production, corrected to zero 
energy balance, of animals kept for a suitable length of time on differ­
ent planes of nutrition before they were placed on a maintenance intake 
level. The animals should be the same age and weight when heat produc­
tion measurements are made, but this is difficult to achieve because 
the animals are fed at different levels prior to being placed on the 
maintenance level of intake. Another problem is to define the optimum 
period of time between reducing intake and measuring heat production, 
so as to assure that absorbed nutrients arising from the previous feed­
ing level do not lead to an overestimation of the maintenance heat pro­
duction. Finally, the pig will reduce its energy metabolism when fasted. 
Heat production can be reduced 10 to 25% during a fast (Thorbek et al., 
1982) as the pig reduces its activity and rate of protein turnover 
(Reeds et al., 1980; ARC, 1981). Any relationship between feeding 
level and maintenance requirements which was based on differences in 
fasting heat production would certainly be confounded by the animals' 
ability to lower its heat production during a fast. 
Crude fiber 
Net energy as a fraction of ME has been suggested to be reduced 
with high fiber feed ingredients (Ewan, 1976) and mixed rations (Just-
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Nielsen, 1970). Just et al. (1976) reported that the percentage of ME 
being deposited by growing pigs decreased .4 units per percent increase 
in the crude fiber of the diet, Miiller and Kirchgessner (1982) showed 
a similar decrease in ME utilization, .52 units per percent increase 
in crude fiber, in work with adult sows. 
Just (1980) and Just et al. (1982) demonstrated with ileo-cecal 
cannulated pigs that as more energy was digested in the hind gut, the 
efficiency of ME utilization was reduced. They suggested that nutrients 
absorbed from the small intestine and hind gut, respectively, had differ­
ent chemical composition and were apparently utilized with differing 
efficiencies. Absorption in the small intestine involves primarily amino 
acids, fatty acids and hexoses while ammonia, amides and volatile fatty 
acids were absorbed in the hind gut. Energy losses as methane, H^, CO^ 
and heat during the microbial fermentation of the fiber in the hind gut 
was also mentioned as being partly responsible for the negative effects 
of crude fiber on ME utilization. 
The significance of an effect of crude fiber on ME utilization is, 
however, far from certain. Provided that the digestible energy intakes 
are maintained equal, increasing levels of crude fiber have been shown 
not to affect the deposition of lean and fat tissue (Baird et al., 1970; 
Bowland et al., 1970; Kennelly and Aherne, 1980). Bohme et al. (1982) 
reduced the energy density of diets fed to growing-finishing pigs by 
increasing the percentages of crude fiber in the diet. They concluded 
that an effect of energy concentration on ME utilization occurred when 
the ratio of ME to gross energy was below .7, and then the effect was 
moderate and only of some relevance. 
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Due to the formation of combustible gases and heat during fermenta­
tion an energy loss of 10-20% can be expected, moreover volatile fatty 
acids give 10-20% less ATP per kcal than starch. A rough estimate is 
that fermented carbohydrate energy has about 60% of the energy value of 
starch energy digested in the small intestine (van Es, 1982). Millier 
and Kirchgessner (1982) reported that the amount of methane energy pro­
duced during the fermentation of carbohydrate was 10% of the fermented 
energy. With pigs fed at moderate to high intake levels, methane energy 
losses are usually below 1% of the digestible energy. Thus, assuming 
the energy of methane is 10% of the fermented energy, not more than 10% 
of the digestible energy will be absorbed from the hind gut (van Es, 
1982). From rates of volatile fatty acid production by intestinal con­
tents, Imoto and Namioka (1978) and Kass et al., (1980) estimated that 
5% or less of the digestible energy will be absorbed from the hind gut. 
At low levels of feeding and with rations that contain higher 
amounts of less lignified fiber, as with the feeding of gestating sows 
and mature boars, the amounts of fermentation products absorbed may be 
higher (van Es, 1982). Under these circumstances, the influence of crude 
fiber on ME utilization as reported by Just et al. (1982) would seem of 
far greater importance. 
Dietary lipid 
The energy cost of the digestion, absorption, transport and deposi­
tion in adipose tissue of dietary fats seems to be small compared with 
the synthesis of fat from dietary carbohydrate (Leroy, 1965). The 
Agricultural Research Council (1981) suggest that dietary fat is incor­
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porated into accreted body fat with an efficiency of .86, while the 
efficiency with which dietary carbohydrate and protein are used for fat 
deposition are .76 and .66, respectively. Until the capacity of the 
animal for lipogenesis is exceeded, the efficiency of ME utilization 
should be improved as the proportion of ME which is derived from dietary 
fat is increased (Hillcoat and Annison, 1974). Improved efficiency of 
ME utilization with diets containing added fat has been reported (Just-
Nielsen, 1970; Jordan and Weaterup, 1976; Just et al., 1976; van der 
Honing et al., 1982). Just et al. (1976) showed that the percentage 
of ME deposited increased .3 units per percent increase of the digest­
ible fat in the diet dry matter. 
The effect of dietary lipid on fat deposition and on ME utilization 
does, however, seem to be dependent on the chain length and degree of 
saturation of the fatty acids comprising the added fat. Hillcoat and 
Annison (1974) compared the utilization of corn oil, tallow and tallow 
acid by 35 to 85 kg pigs. Compared with a low fat control diet the ME 
of the high lipid was utilized more efficiently. This effect was, 
however, most apparent with diets containing tallow or tallow acid oil. 
The lipid sources were included in the diet at levels of 2.5, 5 and 7.5%. 
A stepwise increase in the efficiency of ME utilization with increasing 
levels of dietary lipid was only observed with diets containing tallow. 
Ehrensvard et al. (1976) reported a reduction in the fat to lean ratio 
in the carcass gain of pigs fed a diet high in linoleic acid compared 
with pigs fed an isoenergetic diet containing a high proportion of 
medium chain saturated fatty acids. Boyd and McCracken (1980) compared 
three diets containing large amounts of sterate, oleate or linoleate 
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with low fat control diet. Fat deposition and the proportion of ME in­
take retained as carcass energy gain were similar on the control and 
high stearate diet but were significantly higher on the oleate and 
linoleate diets. They suggested that the reduced fat deposition by pigs 
fed the stearate diet was related to a inhibitory effect of long chain 
saturated fatty acids on adipose tissue lipogenesis. 
Explanation of Dissertation Format 
Sections I and II of the dissertation will be submitted for publi­
cation to the Journal of Animal Science. Both papers will be submitted 
under the authorship of Steven McNutt and Richard Ewan. Data collected 
for the experiments discussed in Section I but not included in the journal 
paper are presented in Tables A1 to A13 of Appendix A. Additional data 
for Section II are presented in Tables B1 to BIO of Appendix B. 
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SECTION I. ENERGY UTILIZATION OF WEANLING 
PIGS RAISED UNDER PEN CONDITIONS 
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ENERGY UTILIZATION OF WEANLING PIGS RAISED 
UNDER PEN CONDITIONS 
S. D. McNutt and R. C. Ewan 
Iowa Agriculture and Home Economics Experiment 
Station, Ames 50011 
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SUMMARY 
Two comparative slaughter experiments were conducted to evaluate 
the energy utilization of weanling pigs raised in groups under pen condi­
tions. In Trial 1, 64 weanling pigs were kept in groups of four and fed 
every 12 h. The pigs were fed either all they would consume during the 
two daily feedings or 80, 60 or 40% of the intake per kilogram body 
weight (BW) of the 100% intake group. The efficiency of dietary energy 
and N utilization for carcass energy and N gains increased quadratically 
(P<.01) with increasing feed intake. The daily metabolizable energy (ME) 
requirement for maintenance (MEm) was calculated to be 115 kcal/kg'^^. 
Above maintenance, the ME of the diet was utilized for carcass energy 
gain with an efficiency of 50%. Trial 2 examined the energy and N 
utilization of weanling pigs kept either individually in cages or in 
groups of four under pen conditions. Twelve pigs were allotted to each 
pen type and fed at levels of either 2, 3.5 or 5% of their BW daily. 
Increasing the level of intake, quadratically increased (P<.01) the 
efficiency of ME and digestible N (DN) utilization for carcass energy 
and N gains. The apparent digestibilities of energy and N decreased 
linearly (P<.05) while rate of passage increased linearly (P<.05) 
with increasing feed intake. When compared with the individually caged 
pigs, the grouped pigs showed lower apparent digestibility of energy 
(P<.05) but improved efficiency (P<.05) of ME and DN utilization 
for carcass energy and N gains. Estimates of the daily MEm for the 
individually confined and the grouped pigs were 138 and 101 kcal/kg'^^, 
respectively. The ME of the diet was utilized for net energy with an 
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efficiency of 64 and 51% by the individually confined and the grouped 




A better understanding of the energy metabolism of swine is of prac­
tical significance, because it is related to carcass quality, environ­
mental requirements and the efficient utilization of all other nutrients. 
Limited work, however, has been done in this country to evaluate factors 
which may influence the efficiency by which ME is utilized to meet the 
energy needs of the pig for maintenance and production. The comparative 
slaughter technique allows direct examination of the association between 
energy metabolism and carcass composition. Ewan (1976) summarized a 
series of comparative slaughter experiments with weanling pigs confined 
individually in metabolism cages. His work suggested that the MEm of 
young pigs was 116 kcal'd ^'(kg'^^) ^ and that the efficiency by which 
the ME of the diet was utilized for maintenance and growth was similar, 
61%. 
Cole et al. (1967) observed an increase in feed consumption by 
pigs grouped in pens compared with pigs kept individually in metabolism 
crates. They suggested that the grouped pigs had more room to exercise 
and that the increased consumption was an attempt to satisfy an energy 
demand of this activity. Energy costs of voluntary activity in pigs 
have been reported to be 12-30% of MEm (Halter et al., 1980; McCracken 
and Caldwell, 1980; Verstegen et al., 1982) and must be considered an 
important component of a pig's energy requirement. 
The objective of our studies was to evaluate the utilization of ME 
for maintenance and growth by pigs in groups in a pen situation, and to 
compare the utilization of ME by pigs housed individually with pigs 




Four replications of four littermate groups of four crossbred pigs, 
averaging 5.4 kg at 29 d, were used in a randomized block design. With­
in replication and littermate groups, pigs were randomly allotted to 
1.2 X 2.7 m pens with solid concrete flooring. Water was provided ad 
libitum and pigs were individually fed for 1 h every 12 h. Within 
replications, treatments were randomly assigned to pens. Pigs were fed 
either all they would consume during the two daily feedings or 80, 60 
or 40% of the intake per kg BW of the 100% intake group, when pigs were 
at a similar body weight. The composition of the diet used is in Table 1. 
Pigs were weighed and feeding levels adjusted to BW every 3 d. The room 
temperature was maintained at about 22®C with supplemental heat provided 
by an infrared lamp in each pen. Before the start of the experiment, the 
pigs were grouped in their allotted pens and fed the diet ad libitum for 
a 7-d adjustment period. 
After 28 d, two pigs per pen, eight pigs per treatment, were killed 
by electrocution and their intestinal contents removed. The empty bodies 
were then frozen at -20°C before being ground, mixed and sampled for 
analysis. Dry matter, ether extract, ash and N were determined on feed 
and lypholized carcass samples according to ÂOÂC (1975) procedures. Gross 
energy of the feed and carcasses were determined by bomb calorimetry.^ 
^Instructions for 1241 and 1242 adiabatic calorimeters. Manual 
No. 142, Parr Instrument Co., Moline, IL. 
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Trial 2 
Four littermate groups of six crossbred pigs, averaging 5.0 kg at 
30 d were used. The experiment was a split plot design with the main 
plot being two pen types and the subplot being three feed intake levels. 
Pen types were either individual .3 x .9m cages or four pigs grouped in 
1.2 X 2.7 m pens. The individual metal cages had expanded metal flooring 
and the temperature was maintained at about 23®C. The grouped pigs were 
housed in the pens described in Trial 1. The feed intake levels were 2, 
3.5 or 5% of BW per d. Pigs were weighed weekly with feed intakes 
adjusted to BW. All pigs were fed individually every 12 h and water 
was provided ad libitum. The composition of the diet is in Table 1. 
Pigs were allowed a 7-d adjustment period to the starter diet before 
the start of the experiment. The individually caged pigs were fed ad 
libitum in a group for 3 d, then paired in the metal cages for 2 d and 
finally allowed 2 d to adjust to individual confinement. The pigs 
raised in the pens were fed ad libitum in a group for 3 d, then moved 
to their allotted pens. All pigs were given 2 d to adjust to twice a 
day feeding. 
At the end of the 28-d experiment, all pigs were killed for body 
composition determinations. Feed and carcass samples were analyzed as 
in Trial 1. 
Apparent digestibility coefficients for energy and N were deter­
mined for the 24 pigs during weeks two and four of the trial. Chromic 
oxide was used as an indigestible marker for the digestibility deter­
minations. During the collection periods, feces were collected twice 
daily and stored at -20°C. Total weekly collections were mixed and sub-
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sampled. Approximately 250 g of feces were lypholized after adjusting 
to pH 3. Chromium was measured by atomic absorption spectrophotometry 
after wet ashing with nitric and perchloric acids. Gross energy and N 
were determined by the methods described above. 
An estimate of the rate of passage of digesta through the alimentary 
tract was done during week three of the experiment with two replications. 
This estimate was based on a visual appraisal of the time after feeding 
.41 g of a diet containing 2.5% ferric oxide and 97.5% of the starter 
ration that feces first appeared red and the time after which the 
marker was no longer visually apparent in the feces. 
Blood samples were taken from the orbital sinus of each pig on 
d 14 and 28, 4 h after the pigs were fed. Plasma samples were analyzed 
for urea N (Marsh et al., 1965). 
Calculations 
Gains of ether extract, N, ash and energy over the 28 d were 
determined as the difference between the final and an estimated initial 
composition. Initial body composition was estimated from initial body 
weight using regression equations derived from analysis of 115 pigs of 
similar age and weight (Ewan, 1982). In Trial 1, the ME content of the 
diet was calculated from literature values for the individual feed-
stuffs (Ewan, 1976). The ME content of the feed used in Trial 2 was 
estimated from the average DE values for each pig during weeks two and 
four, using the formula of Asplund and Harris (1969). 
Maintenance requirements and the efficiency of ME utilization 
were determined from the regression of energy gain on ME intake (both 
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expressed in kcal'd ^'(kg ^). Intake of ME at zero energy gain 
is an estimate of MEm. The regression can be extrapolated to zero ME 
intake to provide an estimate of the net energy maintenance requirement 
(NEm), because at zero intake heat increment is nil. The slope of the 
regression line reflects the efficiency by which the ME of the diet 
was utilized for net energy. All data were analyzed statistically by 
the method of least squares (Harvey, 1960). 
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RESULTS AND DISCUSSION 
Trial 1 
As feed intake was increased, daily gains increased linearly 
(P<.01) and gain to feed ratio improved quadratically (P<.01) 
(Table 2). The poor gain to feed ratio of the pigs on the 40 and 60% 
intake levels reflect that these intakes were near maintenance. Daily 
gains of N, energy, ether extract and ash increased linearly (P<.01) 
as feed intake increased. All pigs gained N and ash over the 28 d; 
however, those pigs on the lowest level of intake catabolized body fat 
to support minimal N and ash gains and were in negative energy balance 
over the experiment. Preferential use of dietary and carcass calories 
to support protein gains has also been reported by DeGoey and Ewan 
(1975a, b) and Phillips and Ewan (1977). 
Despite the animals' attempts to maintain N deposition, as feed 
intake was reduced and energy became increasingly limiting, the propor­
tion of N intake being realized as carcass N gains decreased quadrati­
cally (P<.05). The efficiency of ME utilization for carcass energy 
gain also decreased quadratically (P<.05) as feed intake was 
decreased. Heat production, as measured by the difference between ME 
intake and energy gain, decreased quadratically (P<.05) as intake 
decreased. 
From the regression of energy gains on corresponding ME intakes 
(Table 3), a MEm value of 115 kcal'd ^'(kg"^^) ^  was observed. The 
MEm for these pigs grouped in pens is very close to the MEm of 
116 kcal'd ^"(kg'^^) ^ reported by Ewan (1976) for pigs of similar age. 
28 
weight and genetic stock but confined individually in metabolism cages. 
Sharma et al. (1971, 1972 and 1973) reported MEm values averaging 
124 kcal'd ^'(kg*^^) ^ for 12 kg pigs maintained individually for 36 d. 
Jenkinson et al. (1967) kept 11.4 kg pigs individually for 39 d at ap-
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proximately 19°C and reported daily MEm values of 167 and 137 kcal/kg' 
MEm values of 98 (Le Dividich et al., 1980), 122 (Halter et al., 1980) 
and 130 kcal'd ^'(kg ^^) ^  (Close and Stanier, 1980) have been reported 
for young pigs maintained in groups. 
Extrapolation of the regression of energy gains on ME intake to 
zero ME intake provides an estimate of 58 kcal'd ^(kg'^^) ^ for NEm 
compared to a NEm of 71 kcal'd ^«(kg ^^) ^  reported by Ewan (1976). 
In the present study, this extrapolation is to a point far beyond the 
range of the data, which perhaps explains much of this observed differ­
ence. The slope of the regression, .50, was the efficiency of utiliza­
tion of the ME of this corn-soybean diet to support the maintenance 
and energy gains of the weanling pigs. 
Trial 2 
Daily gains were not affected by pen type but increased linearly 
(P<.01) with increased feed intake (Table 4). Gain to feed ratios were 
superior for the grouped pigs (P<.01) and improved quadratically (P<.05) 
as feed intake was increased. The poor gain to feed ratio of the indivi­
dually caged pigs at the 2% BW intake level, as reflected by the intake 
level X pen type interaction (P<.01), indicates that almost all of their 
feed allotment was used to support maintenance needs. Daily gains of N, 
energy, ether extract, ash and water increased linearly (P<.01) as feed 
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intake increased. Energy gains over the 28 d were higher (P<.05) for 
those pigs grouped in pens. The interaction between level of intake 
and pen type (P<.01) suggests that the difference between pen types 
resulted from the poor performance of the individually confined pigs on 
the 2% BW intake level. All pigs on the 2% BW intake level catabolized 
body fat during the experiment, but the caged pigs drew heavily on their 
lipid stores and were in negative energy balance. The individually con­
fined pigs on the 2% BW intake level were unable to mobilize sufficient 
energy to support protein gain and even catabolized carcass proteins to 
support their maintenance energy requirements. Much of the discrepancy 
between live weight gains and a similar value predicted from the sum of 
the compositional gains can be explained by the contribution of gut fill 
to live weight gains. 
Increasing feed intake, linearly decreased the apparent digestibili­
ties (Table 5) of energy (P<.01) and N (P<.05). Apparent digesti­
bility of energy was also higher by the pigs individually confined in 
cages compared with the pigs grouped in pens. Cole et al. (1967) 
reported higher apparent digestibility coefficients for dry matter, energy 
and N by growing-finishing pigs maintained in metabolism crates compared 
with pigs grouped in holding pens. Their suggestion was that the pigs 
in the metabolism crates had little opportunity to exercise, which may 
have reduced muscle tonus and thus rate of passage. A reduction in rate 
of passage was suggested to be responsible for the higher apparent diges­
tibility coefficients. 
Although the individually confined pigs in this experiment tended 
to retain feed longer than the grouped pigs, the difference was not 
30 
significant. Castle and Castle (1956) found no relationship between 
rate of passage and digestibility of the dry matter of the ration. The 
association of higher rates of passage with decreased digestibility, 
however, has been reported (Keys and DeBarthe, 1974; Entringer et al., 
1975 and Furuya and Takahashi, 1975). These latter reports were, however, 
unable to define whether rate of passage or digestibility of the diet is 
the actual dependent variable because diets of differing digestibilities 
were examined. Castle and Castle (1957) reported an increase in rate of 
passage as feed intake was increased, a finding supported by the current 
experiment. Although they showed no effect on dry matter or N digesti­
bility, the influence of rate of passage on digestibility was confounded 
with level of intake. Further study of the effects of activity on rate 
of passage may provide a means to evaluate the influence of rate of 
passage on digestibility without introducing the confounding dietary 
factors described above. 
Increasing the level of feed intake, quadratically increased the 
percentages of ME (P<.01) and digestible N (P<.05) that were 
deposited as carcass energy and N (Table 5). For both pen types, heat 
production increased linearly (P<.01) as feed intake increased. Al­
though there was an increasingly greater percentage of the dietary 
amino acids being utilized for energy as feed intake was reduced, no 
differences in plasma urea N 4 h after feeding were observed. 
The poor energy and N utilization and high heat production relative 
to ME intake by the individually caged pigs at the 2% BW intake level, 
suggest that these caged pigs had a considerable greater maintenance 
energy requirement compared with the pigs grouped in pens on the same 
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intake level. A possible explanation of this observed difference is 
that the ambient temperature was below the critical temperature for the 
individually confined pigs on such a low intake level. A reduction in 
the heat increment due to the low level of feed intake, the poor insula-
tive capacity of the expanded metal flooring and an inability to con­
serve heat by huddling with other pigs could have resulted in an 
environment outside the pigs' thermoneutral zone (Close, 1980). 
From regression of energy gains on ME intakes (Table 3), daily MEm 
values of 138 and 101 (kcal/kg'^^) were calculated for the individual 
and grouped pigs, respectively. The higher MEm of the individually 
caged pigs and their improved efficiency of ME utilization for net 
energy, 64 versus 51%, suggests that the ambient temperatures in the 
cages were not sufficient to prevent an increase in the animal's 
maintenance energy requirement to maintain body temperatures. The 
improvement in ME utilization for net energy occurs when temperatures 
are below an animal's critical temperature because in this environment 
the animal is able to utilize the heat generated from maintenance and 
heat increment to help support thermoregulation (Close, 1980). 
Although a direct comparison is confounded with possible environ­
mental temperature effects, MEm was not increased when pigs were 
maintained in groups under pen conditions as opposed to being confined 
individually in metabolism cages. In both trials, MEm for the grouped 
pigs were similar or even slightly lower than maintenance values 
reported by Ewan (1976) for weanling pigs maintained individually in 
cages. Blaxter (1973) reported that when sheep, unaccustomed to 
individual confinement, were placed separately in a respiration chamber. 
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they had a fasting heat production 33% higher than was measured a month 
later and that the decline was continuous. He suggested that this 
response could be regarded as an indication of a stress to which the 
animal accommodates. Should a similar stress occur with individually 
confined weanling pigs, energy required during the stressed period may 
mask higher energy expenditures for activity by pigs grouped in a pen 
situation compared with individually confined pigs. 
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Table 1. Composition of the basal diet 
Ingredient Trial 1^ Trial 2^ 
Ground corn (IFN 4-02-935) 52.07 62.07 
Soybean meal (IFN 5-04-612) 28.41 28.52 
Dried whey (IFN 4-01-182) 15.00 
Soybean oil (IFN 4-07-983) 1.00 5.00 
Dicalcium phosphate (IFN 6-01-080) 1.00 1.35 
Calcium carbonate (IFN 6-01-069) .91 .95 
Vitamin premix^ 1.00 1.00 
Chromic oxide — .50 
Iodized salt (IFN 6-04-151) .25 .25 
Antibiotic^ .25 .25 
Trace mineral premix^ .10 .10 
Ethoxyquin .01 .01 
Total 100.00 100.00 
^As fed, 3.184 kcal ME/kg and 19.8% crude protein. 
^As fed, 3.346 kcal ME/kg and 20.1% crude protein. 
^Contributed the following per kg of diet; 4,463 lU vit. A, 
1,102 lU vit. D., 6.62 mg riboflavin, 33.3 mg niacin, 17.7 mg panto­
thenic acid, 210 mg choline, 1.2 mg pyridoxine ad 22.1 [Jg vit. 
^Contributed the following per kg of diet: 110 mg chlortetra-
cycline, 110 mg sulfamethazine and 55 mg penicillin. 
^Contributed the following per kg of diet: 200 mg Zn, 100 mg Fe, 
11 mg Cu, 55 mg Mn and 1.5 mg I. 
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Table 2. Effect of level of intake on performance and energy and N 
utilization, Trial 1 
Level of Intake* 
Item 40 60 80 100 SE^ 
Pig Performance 
Daily gain, gf . 25 91 181 298 7.66 
Gain:feed, g/kg ' 255 499 647 654 19 
Composition of daily gain 
N, g"" c .16 1.68 3.23 5.64 .36 
Energy, kcal ^ -57 66 214 414 34 
Ether extract, g -6.06 .96 10.94 22.98 2.38 
Ash, g^ 1.32 3.22 4.04 7.47 .69 
Daily N utilization 
N intake, g ' 3.3 5.9 8.9 14.2 .80 
N gain, % N intake ' 1.5 27.0 36.1 39.3 5.40 
c H Daily energy utilization 
ME intake, kcal ' 337 599 908 1453 77.25 
Energy gain, % ME 
intake^'® 
-19.03 8.57 22.86 27.87 3.89 
Heat production. 
kcal^'C 394 534 694 1038 49.10 
*100-all the pigs would consume during two daily feedings. 80, 
60 and 40% of the feed intake per kg BW of the 100 treatment. 
^Standard error. 
^Linear effect of level of intake (P<.01). 
'^Quadratic effect of level of intake (P<.01). 
^Quadratic effect of level of intake (P<.05). 
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Table 3. Regressions of energy gains on metabolizable energy intakes^ 
MEm^ r 
Trial 1 
Pen EG = .50 (MEI) - 58 115 .97 
Trial 2 
Pen EG = .51 (MEI) - 51 101 .96 
Cage EG = .64 (MEI) - 89 138 .96 
^EG = Energy gain in kcal'd ^«(kg ^; MEI = Metabolizable 
energy intake in kcal'd ^'(kg ^. Regression coefficients differ 
significantly (P<.05). 
^MEm = Intercept 4 Slope = MEI supporting zero EG. 
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Table 4. Effect of pen type and level of intake on performance and 
composition of gain, Trial 2 
Cage Pen 
Intake, % BW Intake, % BW 
Item 2 3.5 5 2 3.5 5 SE* 
Pig performance 
Daily gain, gf , r d e 6 110 203 50 115 185 15.5 
Gain:feed, g/kg ' ' ' 55 553 604 470 535 643 40 
Composition of daily gain 
N, gb b d -.3 2.5 4.1 .6 2.2 3.7 .4 
Energy, ' ;al°'° , 
-90 137 309 9 143 288 33 
Ether gxtract, g -8.2 5.9 19.5 -1.6 7.5 18.8 2.4 
Ash, g , .7 3.6 5.2 1.7 2.3 4.9 .7 
Water, g 13.1 73.1 128.4 41.1 77.9 117.8 9.8 
^Standard error. 
^Linear effect of level of intake (P<.01). 
^Quadratic effect of level of intake (P<.05). 
'^Pen type effect (P<.01). 
^Level of intake x pen type interaction (P<.01). 
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Table 5. Effect of level of intake and pen type on apparent digesti­
bility of energy and N, rate of passage and daily ME and 
digestible N utilization 
Item 
Cage Pen 
Intake, % BW 
2 3.5 5 
Intake, % BW 
2 3.5 5 SE° 
Energy, ^ C, % 
N ADC, 
b,c Apparent digestibility coefficients 
Marker first. 
appeared, h 
Marker no , 
longer apparent, h 
ME intake, kcal^ 
Energy gain, 
% ME intake"'^'®'* 
Heat production 
kcal* 
DN intake, g 
N gain, , 
% DN intake^'C'G.g 






86 .8  








Rate of passage 
24 21 26 
70 56 84 
ME utilization 
696 1165 374 
25.7 
856 









Digestible N (DN) utilization 



























. 1  
.5 
Standard error. 
^Linear effect of level of intake (P<.01). 
^Ten type effect (P<.05). 
^Linear effect of level of intake (P<.05). 
^Quadratic effect of level of intake (P<.01). 
^Level of intake x pen type interaction (P<.01). 
®Level of intake x pen type interaction (P<.05). 
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SECTION II. EFFECT OF DECREASED ENERGY DENSITY ON WEANLING 
PIG PERFORMANCE AND ENERGY AND NITROGEN 
UTILIZATION 
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SUMMARY 
Two experiments were conducted with pigs weaned at three to four 
weeks to study the effect of decreased dietary energy concentrations on 
pig performance and energy utilization. In Trial 1, decreasing the 
metabolizable energy (ME) content of the diet from 3473 to 2890 kcal/kg 
resulted in a linear (P<.01) increase in daily feed intake to levels 
supporting similar ME intakes and daily gain on all treatments. The 
efficiency of feed utilization for gain decreased linearly (P<.01) 
while ME utilization for gain improved linearly (P<.01) as the ME 
concentrations were reduced. Plasma urea N levels were not different 
among treatments. Rate of passage increased linearly (P<.05) as 
energy density was decreased by substituting solka floe for soybean oil. 
In Trial 2, reducing the ME concentration from 3303 to 2867 kcal/kg did 
not significantly (P<.05) influence daily gain, feed intake, feed to 
gain, plasma urea N or rate of passage. The ratio of ME intake to gain 
decreased linearly (P<.01) as energy density was reduced. Increasing 
the level of cellulose in the diet resulted in a linear decrease 
(P<.01) in apparent dry matter and energy digestibility, a quadratic 
decrease (P<.01) in the apparent digestibility of the acid detergent 
fiber component of the feed and no effect on the apparent digestibility 
of N. Apparent digestibilities of dry matter, energy, N and acid 
detergent fiber were improved (P<.05) during the fourth wk of the 
experiment compared with the second wk. The carcass percentages of dry 
matter (P<.01), ether extract and energy (P<.05) decreased linearly 
as the energy density of the diet was decreased. The efficiency of ME 
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and digestible N utilization for carcass energy and N gains were not 
affected by dietary treatments. The results suggest that the weanling 
pig has the capacity to adjust its intake to compensate for dietary 
energy densities well below currently recommended levels and that energy 
and N utilization are not adversely affected. 




The National Research Council (1979) recommends that a diet con­
taining 3400 kcal ME/kg be fed to a 5-10 kg pig to meet the required 
daily ME intake of 1700 kcal. Formulation of a diet containing 3400 kcal 
of ME/kg necessitates the incorporation of supplemental fat and tends to 
prohibit the use of more fiberous energy and protein feedstuffs in 
weanling pig rations. In response to high energy diets, the weanling 
pig reduces feed intake so that energy intake is similar to pigs 
receiving diets with lower energy densities (Ewan, 1970; Leibbrandt 
et al., 1975a,b). 
Reports on the ability of the weanling pig to adjust its feed intake 
when challenged with diets containing energy levels well below 3400 kcal 
ME/kg are inconclusive. 0'Grady and Bowland (1972) examined the per­
formance of weanling pigs fed diets ranging in digestible energy (DE) 
content from 2.8 to 3.6 Mcal/kg and reported optimum DE levels for maxi­
mum gain to be between 3.2 and 3.4 Mcal/kg. In a study of DE concentra­
tions varying from 2910 to 3940 kcal/kg, Campbell et al. (1975) sug­
gested the optimum DE level for growth of pigs weighing 5 to 20 kg was 
3640 kcal/kg. The results of this energy study are, however, confounded 
by the fact that the young pigs were maintained at 18®C, which is well 
below the critical temperature for pigs of this age and weight (Le 
Dividich et al., 1980). McConnell et al. (1982) evaluated weanling pig 
performance as affected by ME concentrations increasing from 3106 to 
3740 kcal/kg, and reported that a 5.7 kg pig weaned at 21 d requires a 
dietary caloric density of near 3520 kcal ME/kg. 
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The objective of the present work is to not only evaluate the 
effects of decreased dietary energy density on weanling pig performance, 
but to also examine the effects on body composition and the efficiency 
by which the energy and N of the diets is utilized for energy and N 




Four replications of three littermate groups of four crossbred pigs, 
averaging 5.8 kg at 27 d were used. Within replication and littermate 
group, pigs were randomly allotted to 1.2 x 2.7 m pens. Each of the 
three pigs per pen was allowed continuous access to feed and water. The 
room temperature was maintained at about 22®C and supplemental heat was 
provided by an infrared lamp in each pen. Pigs were placed on the 
experimental diets immediately after weaning and creep feed was not pro­
vided prior to weaning. 
The experimental diets (Table 1) were formulated to compare 
decreasing energy densities by substituting solka floe for soybean oil. 
On an as fed basis, all diets were calculated to contain 20.2% crude 
protein while the ME content of diets 1, 2, 3 and 4 were 3473, 3279, 
3085 and 2890 kcal/kg, respectively (Ewan, 1976). 
Pigs were weighed and feed consumption was measured weekly during 
the 35-d experiment. Blood samples were taken weekly from the orbital 
sinus of each pig and plasma urea N was determined (Marsh et al., 1965). 
An estimation of the rate of passage of feed through the pig's alimentary 
tract was initiated on d 16 and 30 of the experiment. After an overnight 
fast, pigs were allowed access to a feed containing 4.76% ferric oxide 
and 95.24% of their original diet. After 1 h, pigs were returned to their 
regular feed. A visual appraisal of the feces was done every 4 h. Pens 
were cleaned after each appraisal. Rate of passage was evaluated for 
each pen on the basis of the times after feeding the marker that the 
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first red feces appeared in the pen, all feces were red, the first re­
appearance of original coloration of feces and when all feces being 
excreted in the pen were of the original coloration. All data were 
analyzed by analysis of variance (Steel and Torrie, 1960), and the pen 
was considered an experimental unit. 
Trial 2 
Nine replications of four littermate crossbred pigs, averaging 
5.1 kg at 29 d, were used in a randomized block design. The pigs were 
allowed a 6-d adjustment period prior to the start of the experiment. 
After weaning, pigs were grouped together for 2 d, then paired in the 
experimental pens for 2 d and finally allowed 2 d to adjust individually 
to the .3 X .9m metal cages. During the adjustment period, water and a 
20% crude protein starter diet were provided ad libitum. Within repli­
cation, pigs were randomly allotted to individual cages. Temperatures 
in the cages were maintained at about 26°C. 
As with Trial 1, the experimental diets (Table 1) were formulated 
to compare decreasing energy densities; however, in this experiment, 
solka floe was substituted for corn starch rather than soybean oil. As 
fed, the diets were calculated to contain 20.1% crude protein while the 
ME content of diets 1, 2, 3 and 4 were 3303, 3157, 3012 and 2867 kcal/kg, 
respectively (Ewan, 1976). 
Pigs were weighed, and feed consumption was measured weekly during 
the 28-d experiment. Blood samples were taken from the orbital sinus of 
all pigs on d 15 and 28 for plasma urea N determination. The apparent 
digestibilities of dry matter, energy, N and acid detergent fiber were 
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determined for three replications of the four treatments during two, 
5-day fecal collection periods beginning on d 10 and 24. Chromic 
oxide was included in the diets as an indigestible marker for the 
digestibility determinations. An estimate of the rate of passage of 
feed through the digestive tract of each pig was initiated on d 15 by 
withdrawing chromic oxide from the feed for 3 d and then recording the 
time after feeding a diet containing chromic oxide that the marker first 
appeared in the feces. 
After 28 d, the three pigs per treatment used in the digestibility 
determinations were killed by electrocution and intestinal contents 
removed. The empty carcasses were stored at -20®C until ground, mixed 
and subsampled for chemical analysis. Carcass samples were lypholized 
and ground through a 10-mesh screen before being analyzed. Feed, carcass 
and freeze-dried fecal and gut fill samples were analyzed for dry matter, 
N, ether extract and ash by ÂOAC methods (1975). The gross energy of 
the samples was determined by bomb calorimetry.^ Acid detergent fiber 
was analyzed by the method of Van Soest (1963). Chromium was analyzed 
by atomic absorption spectrophotometry after wet ashing with nitric and 
perchloric acids. 
The composition of gains over the 28 d were estimated from the 
difference between the initial and final composition. The initial 
composition was estimated from initial body weight using regression 
equations derived from the direct analysis of 115 pigs of similar age 
^Instruction for 1241 and 1242 adiabatic calorimeters. Manual 
No. 142, Parr Instrument Co., Moline, IL. 
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and weight (Swan, 1982). An estimation of total body water using 
deuterium oxide (DgO) dilution was done for the twelve pigs slaughtered 
for comparison with direct analysis of carcass and gut fill water. 
Deuterium oxide was intraperitoneally injected at a rate of .5 g of DgO 
per kilogram of body weight. Blood (10 ml) was collected from the 
orbital sinus at 0, 1, 2, 3, 4 and 5 h. Pigs were not allowed feed or 
water during the 5-h collection period. Purified DgO-water was obtained 
from blood, carcass and gut fill samples by lypholizing the sample and 
trapping the affluent. Deuterium was analyzed by infrared spectroscopy. 
Total body water was calculated by the equation of Houseman et al., 
(1973). All data were analyzed by analysis of variance (Steel and 
Torrie, 1960). The pig was considered the experimental unit. 
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RESULTS AND DISCUSSION 
Trial 1 
Daily gains were not affected by decreased dietary energy concen­
tration (Table 2). As energy density was reduced, feed intake increased 
linearly (P<.01) to levels sufficient to support comparable daily ME 
intakes among treatments. McConnell et al. (1982) reported that over a 
five week trial, pigs weaned at 3 wk were unable to consume sufficient 
quantities of a diet containing 3106 kcal ME/kg to support ME intakes 
and gains similar to pigs receiving diets containing 3300 or 3520 kcal 
ME/kg. The pigs used in the current trial were similar in initial 
weight to those studied by McConnell et al. (1982) but were weaned one 
week later, suggesting adaptability to decreased energy densities may 
be age dependent. Owen and Ridgman (1967, 1968) examined the intake 
response of pigs, ranging from 29.5 to 118 kg when fed high fiber, low 
energy diets, and reported that compensatory intake took time to 
develop after the pigs were put on the low energy diets and that the 
delay was much longer in the smaller pigs. 
The efficiency of ME utilization for gain (kcal/g) improved 
linearly (P<.01) as energy density decreased. Hillcoat and Annison 
(1974) suggested that absorbed dietary fats may be preferentially used 
for the formation of body fat if sufficient alternative energy sources 
are present in the ration to meet all other energy requirements. The 
energy densities of the diets used in this experiment were reduced by 
substituting solka floe for soybean oil. Decreased fat deposition with 
less soybean oil added to the diets may explain the improvement in ME 
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utilization for gain, since compared with an equal amount of lean, fat 
contains considerably more calories. 
Plasma urea N was not affected by dietary treatments but decreased 
cubically (P<.05) as the pigs increased in age. Average plasma urea 
N concentrations at the end of weeks 1, 2, 3, 4 and 5 were 16.7, 12.9, 
12.3, 11.5 and 10.6 mg/dl, respectively. As energy density was reduced, 
feed intake increased and because the diets were isonitrogenous, N 
intake increased. An increase in the amount of dietary amino acids 
catabolized to urea might be expected if N intake exceeded deposition 
capacity. Perhaps the pigs were able to utilize the increased N intake 
for protein gain or the urea which was formed was being diverted from 
the blood to the hind gut to support an increased microbial population 
fermenting the higher levels of cellulose also associated with the lower 
energy diets. The improved utilization of ME for gain as energy density 
decreased may have resulted if the increased protein intake was being 
utilized to support increased levels of lean gain. 
The rate of feed passage decreased linearly as energy density 
decreased when evaluated as the time required for a marker to first 
appear in the feces (P<.05) or the time when the marker was not longer 
apparent in the feces (P<.01). From the results, it is only possible 
to report that rate of passage increased, not whether the greater total 
intake of the lower energy diets or the increased amounts of indigestible 
residue left in the tract after digestion influenced rate of passage. 
Castle and Castle (1957) reported that increased feed intake increased 
rate of passage while Leibbrandt et al. (1975a) showed no difference in 
rate of passage by weanling pigs whose intake varied in response to ME 
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concentrations varying from 3389 to 4025 kcal/kg. Castle and Castle 
(1956) and Leibbrandt et al. (1975a) reported rate of passage and diges­
tibility of a diet to be unrelated. Research suggesting a relationship 
between digestibility and rate of passage has, however, also been 
reported (Keys and DeBarthe, 1974; Entringer et al., 1975; Furaya and 
Takahashi, 1975). 
Trial 2 
Neither daily gain, feed intake nor feed to gain were significantly 
(P>.05) affected by the energy density of the diet (Table 3). Pigs 
receiving the 2867 kcal ME/kg diet did have the lowest daily feed in­
take and showed the least gain. This energy level is similar to the 
lowest ME concentration fed in Trial 1, on which pigs were able to main­
tain energy intake and weight gains. The major difference between the 
two diets is that the ration in Trial 1 contained only 8% solka floe 
while 12% cellulose was added in Trial 2. The ability of the weanling 
pig to adjust its intake in response to diets of low energy density may 
therefore be related to the amount of fiber contained in ration. These 
trials would suggest that the weanling pigs capacity lies between 8 and 
12% added cellulose. Kennelly and Aherne (1980) suggested that levels 
of crude fiber in excess of 10-15% of the diet tend to become unpalatable 
to swine and result in depressed feed intake. 
Although feed to gain did not show a consistent pattern in response 
to treatment, the efficiency of ME utilization for gain decreased 
linearly (P<.01) as energy density was reduced. The influence of 
increasing levels of dietary lipid was eliminated in this experiment. 
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therefore, one would expect the improvement in energy utilization for 
gain to be related to a direct effect of decreased energy density caus­
ing either greater lean gain or less fat deposition. 
Plasma urea N was not affected by dietary treatment but decreased 
(P<.01) from an average of 13,11 at the end of week 2 to 11.17 mg/dl 
after week 4. Rate of passage did, however, fail to increase in 
response to increased intakes or reduced digestibility as reported in 
Trial 1, and supports the results of Castle and Castle (1956) and 
Leibbrandt et al. (1975a). 
Dry matter and energy apparent digestibility coefficients decreased 
linearly (P<.01) as solka floe was added to the diet, while acid deter­
gent fiber digestibility showed a quadratic (P<.01) response (Table 4). 
Apparent digestibility of N did not change with varied levels of cellu­
lose in the diet. This is contrary to reports with growing-finishing 
pigs which have demonstrated a decrease in the apparent digestibility of 
>1 and an increase in metabolic fecal N when high levels of fiber were 
included in the diet (Cunningham et al., 1962; Farrell and Johnson, 
1972). The acid detergent component of the diet was apparently utilized 
to some extent by the young pigs, suggesting that microbial fermentation 
was occurring in the hind gut at this young age. Just et al. (1982) 
suggests that 90% or more of the variation in the efficiency of utiliza­
tion of ME by growing-finishing pigs can be accounted for by the energy 
density of the diet. His results demonstrate that low energy diets 
with large amounts of indigestible material have a greater proportion 
of the digested calories being absorbed in the hind gut as volatile 
fatty acids which are utilized less efficiently than those carbohydrates 
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absorbed in the small intestine. As reported by Liebbrandt et al. 
(1975a) the apparent digestibilities of dry matter, energy, N (P<.01) 
and acid detergent fiber (P<.05) increased as the weanling pigs grew 
older. The interaction between time on experiment and energy density 
of the diet for the apparent digestibility of dry matter, energy, N 
(P<.01) and acid detergent fiber (P<.05), reflects the greater 
improvement from week 2 to 4 in digestibility by pigs that received 
the high and low energy density diets compared with the intermediate 
energy density treatments. 
As the energy density of the diet decreased, there was a linear 
decrease in the carcass percentages of dry matter (P<.05), ether 
extract and energy (P<.01, Table 5). The percentages of N and ash 
were not affected by dietary treatment. Daily gains of water, N, ash 
and energy were not affected by changes in energy density while ether 
extract gains showed a tendency (P<.10) to decrease as energy density 
was reduced. This would suggest that the improved efficiency of ME 
utilization for weight gain (Table 3) was a result of depressed fat 
deposition rather than greater lean gains by the weanling pigs as 
dietary energy density was decreased. 
Daily ME intake, estimated from the mean digestible energy value 
of the diets during weeks two and four, showed a maximum of 1515 kcal/d 
by pigs on diet 2. Assuming the animals were able to consume suf­
ficient amounts of feed to satisfy their energy requirement, the 1700 kcal 
ME/d suggested by NRC (1979) overestimated the energy needs of the weanl­
ing pigs used in this experiment. The efficiency of ME and digestible N 
utilization for carcass energy and N gains were not significantly 
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(P<.05) affected by treatments. With less fat being deposited and the 
reduced efficiency of fermentation endproduct utilization suggested by 
Just et al. (1982), a reduction in the efficiency of ME utilization for 
energy gain would be expected. The efficiency of ME utilization for 
energy gain was reduced approximately 18% for pigs on diet 4 compared 
with diets 1 and 2. This difference, however, was not significant. 
The concentration of D^O in blood collected from the orbital sinus 
was not equilibrated 5 h after the intraperitoneal injection. The blood 
D2O concentration increased linearly (P<.05) over time with blood DgO 
concentrations (ppm) at 1, 2, 3, 4 and 5 h being 634, 647, 649, 651 and 
656, respectively. The water samples collected from carcass, blood and 
gut fill differed from each other in D^O concentration (P<.01). 
Deuterium in the carcass, 5-h blood sample and gut fill was at levels of 
624, 656 and 933 ppm, respectively. The high concentrations of D^O in 
the gut fill sample may reflect high levels of DgO in the gut contents 
or the bladder water since water in the bladder at the time of slaughter 
was combined with the contents of the digestive tract. Although the 
DgO was not equilibrated, regressions of the total body water determined 
by desiccation on total body water predicted by the 5-h D^O blood con­
centration yield the equation: Total body water, g = .91 (DgO predicted 
total water, g) + 195.02 (r = .97). Including the quadratic term in 
the equation as suggested by Schneider et al. (1982), increased r by 
.002. The 5-h blood D^O concentration overestimated total body water 
by an average of 7.25%. Once an equilibrated D^O concentration is 
determined, it would seem that D^O dilution would provide a workable 
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means to evaluate total body water. Establishment of accurate rela­
tionships between body water and the amounts of lipid, nitrogen and ash 
is, however, also necessary if this indirect method of determining 
carcass composition is to be a useful research tool. 
The estimation of total body water by D^O dilution was done to 
determine if injecting D^O into the peritoneum and sampling from the 
orbital sinus could provide an adequate means to evaluate total body 
water in the young pig. The time required, after injecting, for the 
DgO to equilibrate in the blood was also examined since an equilibrated 
DgO concentration provides a simple means of calculating total body 
water (Houseman et al., 1973). Houseman et al. (1973) and Schneider 
et al. (1982) have estimated body water in pigs using an equilibrated 
D^O concentration after injecting the DgO directly into the blood stream. 
These experiments required catherization of the test animal which would 
itself limit the use of DgO for large numbers of animals. Groves and 
Wood (1965) injected D^O intraperitoneally and sampled blood from the 
heart of the pigs, which had been tranquilized. Their results indicated 
that the time required for equilibration of the injected D^O was a func­
tion of body weight and that a 5-h equilibration time was necessary for 
pigs weighing more than 10 kg. 
The results of the present experiments indicate that diets with ME 
concentrations as low as 2890 kcal/kg can be effectively used with 
weanling pigs. As energy density is reduced, the weanling pig is able 
to increase its daily feed intake to levels supporting ME intakes and 
weight gains similar to those achieved with diets of higher ME concen­
trations. Compensatory intake may be limited by the amount of fiber in 
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the diet, as the inclusion of greater than 8% solka floe seemed to 
depress intake and gains. The efficiency of ME and digestible N utili­
zation for carcass energy and N gain were not significantly affected as 
the energy density of the diets were reduced. 
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Table 1. Composition of the basal diet used in Trial 1 and 2 
Ingredient Trial 1^ Trial 2^ 
Ground corn (IFN 4-02-935) 50 .35 42.53 
Soybean meal (IFN 5-04-612) 28 .03 29.31 
Dried whey (IFN 4-01-182) 10 .00 9.00 
Soybean oil (IFN 4-07-983) 8 .00 3.00 
Corn starch (IFN 4-02-889) - 12.00 
Dicaleium phosphate (IFN 6-01-080) 1 .12 1.23 
Calcium carbonate (IFN 6-01-069) .88 .81 
Vitamin premix 1 .00 1.00 
Chromic oxide — .50 




Trace mineral premix .10 .10 
Ethoxyquin .02 .02 
Total 100 .00 100.00 
*Diet 1 shown above. In diets 2, 3 and 4, solka floe was sub­
stituted for soybean oil at 2.67, 5.34 and 8.00%, respectively. 
^Diet 1 shown above. In diets 2, 3 and 4, solka floe was sub­
stituted for corn starch at 4, 8 and 12%, respectively. 
^Contributed the following per kg of diet; 4,463 lU vit. A, 
1,102 lU vit. D_, 6.62 mg riboflavin, 33.3 mg niacin, 17.7 mg pantho-
thenic acid, 210 mg choline, 1.2 mg pyridoxine and 22.1 pg vit. 
'^Contributed the following per kg of diet: 110 mg ehlortetra-
cycline, 110 mg sulfamethazine and 55 mg pencillin. 
^Contributed the following per kg of diet: 200 mg Zn, 100 mg Fe, 
11 mg Cu, 55 mg Mn and 1.5 mg I. 
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Table 2. Effect of energy density on performance, plasma urea N and 
rate of passage, Trial 1 
ME concentration, kcal/g 
Item 3.47 3.28 3.09 2.89 SE* 
Daily gain, g 325 351 347 359 12 
Daily feed, g^ 516 555 549 617 20 
Daily ME intake, kcal 1791 1822 1692 1783 64 
Feed:gain^ 1.58 1.58 1.58 1.72 .03 
ME intake:gain, kcal/g^ 5.50 5.20 4.88 4.96 .09 
Plasma urea N, mg/dl^ 13.26 12.83 12.28 12.67 .49 
Rate of passage I, h^'® 16.25 17.25 12.75 11.50 1.54 
Rate of passage II, h^'^ 56.50 56.00 46.50 45.75 2.38 
^Standard error. 
^Linear effect of energy density (P<.01). 
^Linear effect of energy density (P<.05). 
^Mean value for the weeks examined. 
^Time after feeding the FegOL marker to mean time of first 
appearance of red feces in the pen and when feces from all pigs in the 
pen were red. Mean for wk 3 and 5. 
^Time from feeding FCgOg marker to mean time of the first re­
appearance of original feces coloration in the pen and when feces from 
all pigs in the pen had returned to original coloration. Mean for wk 
3 and 5. 
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Table 3. Effect of energy density 
rate of passage, Trial 2 
on performance, plasma urea N and 
ME ( concentration, kcal/g 
Item 3.30 3.16 3.01 2.87 SE^ 
Daily gain, g 320 340 352 304 23 
Daily feed, g 500 511 537 492 34 
Feed;gain 1.60 1.51 1.55 1.62 .04 
ME intake:gain, kcal/g^ 3.26 3.12 3.00 2.88 .07 




Rate of passage, 20.11 20.63 23.44 21.55 2.61 
^Standard error. 
linear effect of energy density (P<.01). 
^Time after feeding CigOg marker that feces first appeared green. 
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Table 4. Effect of energy density and time on dry matter, energy, 
nitrogen and acid detergent fiber apparent digestibility 
coefficients, %, Trial 2* 
ME concentration, kcal/g 
Week 3.30 3.16 3.01 2.87 Avg 
Dry matter^'^'^ 
2 78.0 76.7 73.1 62.6 72.6 
4 83.8 80.2 75.0 69.8 77.2 
Avg 80.9 78.5 74.0 66.2 
Energy^'^'^ 
2 77.8 78.0 74.7 64.6 73.8 
4 84.5 81.3 76.0 71.0 78.2 
Avg 81.2 79.7 75.3 67.8 
Nitrogen^'® 
2 67.1 74.9 71.8 63.8 69.4 
4 77.1 79.2 74.7 76.5 76.9 
Avg 72.1 77.0 73.2 70.1 
Acid detergent fiber'' ,e,f,g 
2 45.8 21.9 21,2 22.8 27.9 
4 54.1 28.9 17.0 27.5 31.9 
Avg 50.0 25.4 19.1 25.2 
^Data collected from 3 replications. 
^Linear effect of energy density (P<.01). 
^Week effect (P<.01). 
^Week X energy density interaction (P<.01). 
®Week effect (P<.05). 
^Week X energy density interaction (P<.05). 
^Quadratic effect of energy density (P<.01). 
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Table 5. Effect of energy density on carcass composition and energy 
and N utilization, Trial 2* 
Item 
ME concentration, kcal/g 
3.30 3.16 3.01 2.87 SE^^ 
Carcass composition 
29.18 28.39 26.91 26.29 .69 
2.38 2.38 2.39 2.38 .04 
11.13 10.40 8.83 8.12 .50 
2.78 2.77 2.86 2.89 .20 
1.89 1.80 1.66 1.59 .05 
Dry matter, % 
N. % D 
Ether extract, % 




Ether extract, g 
Ash, g 
Energy, kcal 
Composition of daily gain 
187.41 
























Daily energy and N utilization 
ME intake, kcal 1467 1515 1331 1104 177. 55 
Energy gain, % 
ME intake 39.15 39.23 33.27 32.02 2. 37 
Digestible N 
intake, g 
N gain, % Dig 
N intake 
11.08 12.47 10.69 9.91 1, .45 
52.15 54.48 51.80 51.70 4, .16 
*Data from three replications. 
^Standard error. 
^linear effect of energy density (P<.05). 
'^Linear effect of energy density (P<.01). 
^Linear effect of energy density (P<.1Q). 
^Estimated from the mean digestible energy value for the diet 
during weeks two and four after adjusting for the crude protein level 
of the diet (Asplund and Harris, 1969). 
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SUMMARY AND DISCUSSION 
To provide a broader base on which to establish a net energy 
feeding system that can accurately predict the energy utilization of 
pigs fed under practical conditions, four experiments were conducted. 
Two trials determined the effect of grouping weanling pigs in a pen 
rather than confining them individually in cages on their energy 
requirements and energetic efficiency, and two trials examined the 
influence of dietary energy density on ME utilization by young pigs. 
The hypothesis that pigs raised in groups in a pen would have 
greater activity and thus higher energy requirements than pigs confined 
individually was not substantiated by the two comparative slaughter 
experiments. The ME maintenance requirement established for the 
grouped pigs was about 108 kcal'd ^'(kg*^^) ^ and was similar to the 
maintenance value determined earlier with pigs of similar age, weight 
and genetic background but maintained individually in metabolic cages. 
The direct comparison of the energy utilization of pigs maintained in 
the two different pen types provided in this work showed that the 
grouped pigs had a daily ME maintenance requirement 37 kcal/kg"^^ lower 
than the individually maintained littermates. These results were, how­
ever, confounded with apparent environmental temperature differences 
between the pen types. 
Although a negative effect on energy requirements due to maintain­
ing the pigs in a pen situation was not found, the apparent digestibility 
of energy was reduced for the grouped pigs. Rate of feed passage also 
tended to be increased by the grouped pigs and may be related to the 
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observed difference in energy digestibility. Additional work evaluating 
the effects of activity on rate of passage and nutrient digestibility 
would seem beneficial if the data collected from animals maintained in 
metabolism crates is to be correctly applied to animals raised in more 
practical environments. 
Estimations of maintenance energy requirements using the compara­
tive slaughter technique necessitates that the pigs be fed at differ­
ent levels of intake. Because growing pigs in the United States are 
usually allowed free access to feed, research is also needed to evalu­
ate if the energy utilization of pigs fed twice a day or on any other 
feeding schedule is similar to that of pigs fed ad libitum. 
The efficiency of ME utilization for carcass energy gain was not 
influenced by dietary energy densities ranging from 3473 to 2867 kcal 
ME/kg of air dry matter. The pigs were, however, able to increase their 
feed intake to levels supporting comparable ME intakes and daily gains 
on all treatments. Lower energy densities may cause a reduction in 
energetic efficiency if compensatory intake is not sufficient to main­
tain energy intake and the ratio of fat to lean tissue deposited is 
decreased. 
The results of this work suggests that the energy intake of the 
young pig may be limited if cellulose is added to the diet at levels 
greater than 8 percent. A knowledge of the maximum amount of fiber 
which can be included in a ration before energy intake and gain are 
reduced and the influence that fiber source, the body weight of the 
animal and the adaption period to the diet may have on this limit would 
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be invaluable when deciding how much of specific low energy, high fiber 
feedstuffs can be effectively included in a pig diets. 
The comparative slaughter technique is an excellent tool to evalu­
ate the energy and nitrogen utilization of an animal while also providing 
the opportunity to examine carcass composition. The value of the 
technique does seem to be limited by the time and expense involved in 
the direct analysis of the composition of the whole carcass. The results 
of this work suggests that deuterium oxide dilution may provide an 
accurate and easy method to indirectly determine total body water in the 
live animal without losing the value of the carcass. A most appealing 
feature of this technique is that it would allow one to determine the 
initial composition of the experimental animals rather than having to 
estimate their composition from the direct analysis of related indi­
viduals killed at the start of each experiment. Because deuterium 
dilution only predicts body water, reliable equations must be available 
to relate body water to carcass fat, protein and ash. Direct analysis 
of the composition of pig at a variety of weights would thus be neces­
sary before the deuterium dilution technique could be effectively 
implemented. 
If an indirect method of estimating body composition is to be use­
ful it must not only accurately predict composition but must also be 
convenient enough to be used on a much larger number of animals than is 
currently available with direct analysis methods. The injection of 
deuterium directly into the bloodstream of cannulated, anesthetized 
animals would seem to defeat this purpose. Intraperitoneal injection 
of the deuterium followed by a single blood collection after an appro-
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priate equilibration time from a conscious animal seems far more desir­
able. In this work, deuterium was not equilibrated in blood collected 
from the orbital sinus, five hours after an intraperitoneal injection. 
Further research will be needed to determine why deuterium concentrations 
were higher in the gut and bladder contents than in the blood and to 
assess an appropriate time after injecting a deuterium solution to col­
lect an equilibrated blood sample. 
Energy utilization can be affected by a variety of nutritional, 
animal and environmental factors and defining these influences presents 
a considerable challenge for the future. This information would, how­
ever, certainly fill a void in our current knowledge of swine nutrition 
and most importantly would provide swine producers the means to produce 
their product more efficiently. 
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Table Al. Analytical results of the test diet, Trial 1 
Item Basal diet 
Dry matter, % 87.36 
Dry matter basis 
Ash, % 6.40 
Crude fiber, % 2.08 
Ether extract, % 3.79 
NFE^ , % 65.10 
Protein, % 22.63 
Nitrogen, % 3.62 
Organic matter, % 93.62 
Cell contents, % 87.63 
Cell walls (NDF)^ , % 12.37 
Cellulose, % 3.65 
ADF^ , % 4.71 
Lignin, % 1.04 
Hemicellulose, % 7.66 
Gross energy, kcal/g 4.47 
N^itrogen free extract. 
N^eutral detergent fiber. 
'"Acid detergent fiber. 
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Table A2. Effect of feed intake and time on average daily gain in 
grams, Trial 1 
Level of intake* 
Period^  40 60 80 100 Avg^ '^  
1 -34 14 70 142 48 
2 4 39 100 210 88 
3 23 103 152 252 132 
4 32 97 130 178 109 
5 51 99 173 284 152 
6 29 84 169 307 147 
7 67 133 257 363 205 
8 30 116 240 400 197 
9 31 132 271 420 214 
10 -8 113 387 672 291 
Avg®'^  22 93 195 323 158 
*100-all the pigs would consume during two daily feedings. 80, 
60 and 40% of the feed intake per kg body weight on the 100 treatment. 
P^eriods 1-9 were three day periods. Period 10 was one day. 
L^inear effect of period (P<.01). 
'^ Cubic effect of period (P<.01). 
L^inear effect of level of intake (P<.01). 
P^eriod x level of intake interaction (P<.01). 
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Table A3. Effect of feed intake and time on feed to gain ratio, 
Trial 1® 
Level of intake^  
Period^  40 60 80 100 Avgd.C'f 
1 9.20 6.16 3.49 3.29 5.53 
2 8.03 4.93 1.99 1.50 4.11 
3 4.82 1.85 1.71 1.42 2.45 
4 4.36 2.20 2.12 2.91 2.90 
5 3.27 2.41 1.57 1.62 2.22 
6 5.53 2.76 1.99 1.75 3.01 
7 1.68 1.67 1.45 1.61 1.60 
8 5.10 2.25 1.69 1.65 2.67 
9 5.08 2.18 1.59 1.90 2,69 
10 6.92 3.49 1.34 1.53 2.33 
AvgS'h,! 5.40 2.99 1.89 1.92 3.05 
F^eed to gain values greater than 10 or negative for individual 
pigs were set at 10. 
1^00-all the pigs would consume during two daily feedings. 80, 
60 and 40% of the feed intake per kg body weight of the 100 treatment. 
P^eriods 1-9 were three day periods. Period 10 was one day. 
L^inear effect of period (P<.01). 
Q^uadratic effect of period (P<.01). 
C^ubic effect of period (P<.05). 
L^inear effect of level of intake (P<.01). 
'^ Quadratic effect of level of intake (P<.01). 
P^eriod x level of intake interaction (P<.01). 
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Table A4. Effect of level of feed intake on body composition, Trial 1 
Item 
Level of intake* 
40 60 80 100 SE^  
Live weight, g^  6611 8243 10491 13419 876 
Empty body, g^  6195 7676 9564 12225 815 
Dry matter, g^  1353 1818 2353 3146 245 
Water, g^  4842 5859 7211 9079 575 
Ether extract, 189 368 628 942 93 
Ash, g^  220 267 283 371 29 
Energy, kcal^  6903 9987 13720 18852 1571 
Nitrogen, 149 187 224 284 20 
Protein, g^  933 1167 1399 1778 126 
Dry matter, 21.37 23.30 24.27 25.61 .71 
Water, 78.63 76.70 75.73 74.39 .71 
Ether extract, 2.74 4.48 6.28 7.61 .59 
Ash, 3.53 3.48 3.00 3.02 .18 
Energy, kcal/g^  1.08 1.27 1.40 1.53 . 06 
Nitrogen, %^ '^  2.38 2.43 2.33 2.32 .04 
Protein, 14.86 15.18 14.59 14.53 .26 
1^00-all the pigs would consume during two daily feedings. 80, 
60, and 40% of the feed intake per kg body weight of the 100 treatment. 
S^tandard error. 
L^inear effect of level of intake (P<.01). 
C^ubic effect of level of intake (P<.05). 
L^inear effect of level of intake (P<.05). 
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Table A5. Effect of level of intake on daily energy utilization, 
Trial 1* 
Level of intake^  
Item 40 60 80 100 SE'^  
417 742 1123 1797 95.5 
-15.4 6.9 18.5 22.5 3.1 
2.0 1.9 1.9 1.7 .1 
102 127 152 202 3.7 
GE intake, kcal^ '^  
Energy gain, % GE intake*^  
Net energy, kcal/g® 
G^E = gross energy; net energy calculated using a daily maintenance 
requirement of 70 kcal/kg' ; heat production = metabolizable energy 
intake - energy gain. 
1^00-all the pigs would consume during two daily feedings. 80, 
60 and 40% of the feed intake per kg body weight of the 100 treatment. 
S^tandard error. 
L^inear effect of level of intake (P<.01). 
Q^uadratic effect of level of intake (P<.05). 
Q^uadratic effect of level of intake (P<.01). 
L^inear effect of level of intake (P<.05). 
Table A6. Regression equations relating average daily gain with protein and energy gain, Trial 1 
2 Dependent variable Slope Independent variable Intercept R 
Energy gain 1.74(±.04) Average daily gain -103.56(17.37) .99 
kcal/day g/day 




Table A7. Analytical results of the test diet, Trial 2 
Item Basal diet 
Dry matter, % 89.85 
Dry matter basis 
Nitrogen, % 3.57 
Protein, % 22.33 
Ether extract, % 8.24 
Ash, % 6.15 
Gross energy, kcal/g 4746 
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Table A8. Effect of feed intake, pen type and time on daily gain and 
feed to gain ratio, Trial 2^  
Cage Pen 
Week 2 
Intake, % BW 
3.5 5 
Intake, % BW 
2 3.5 5 Avg 
Daily gain. gb,c,d,e 
1 -30 62 115 21 88 113 62 
2 22 93 170 61 118 171 106 
3 20 131 238 81 119 210 133 
4 15 154 290 38 138 245 147 
Avg 7 110 203 50 116 185 112 
Feed to gain^ '*^ '^ '®' h,i 
1 10.00 2.66 2.10 5.38 2.08 1.49 3.95 
2 5.91 2.17 1.83 1.68 1.71 1.49 2.47 
3 6.19 1.60 1.51 1.39 1.97 1.53 2.36 
4 6.58 1.58 1.57 5.48 2.23 1.66 3.18 
Avg 7.17 2.00 1.75 3.48 2.00 1.54 2,99 
*Feed to gain values greater than 10 or negative were set to 10. 
L^inear effect of level of intake (P<.01). 
L^inear effect of time (P<.01). 
'^ Quadratic effect of time (P<.01). 
T^ime x pen type interaction (P<.05). 
T^ime x level of intake interaction (P<.01). 
Q^uadratic effect of level of intake (P<.01). 
e^n type effect (P<.05). 
L^evel of intake x pen type interaction (P<.01). 
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Table A9. Effect of level of intake and pen type on carcass composi­
tion, Trial 2 
Cage Pen 
Intake, % BW Intake, % BW 
Item 2 3.5 5 2 3.5 5 SE* 
Live wt, 5535 7880 10823 6325 8313 9725 725 
Empty body wt. 8^  5198 7315 9895 5965 7755 8963 691 
Fill, g^  338 565 928 360 558 763 109 
Dry matter, g^  1071 1872 2685 1339 1995 2438 220 
Water, 4127 5443 7210 4626 5760 6524 479 
Ether extract. 8^  90 440 848 241 508 784 87 
Ash, 187 254 308 203 225 283 28 
N, gb 123 188 243 139 188 216 19 
Protein, g^  771 1176 1522 870 1176 1350 122 
Energy, kcal^  5187 10622 15981 7241 11250 14435 1376 
Dry matter, ,c 20.52 25.59 26.88 22.30 25.75 27.13 .77 
Water, 79.48 74.41 73.12 77.70 74.25 72.87 .77 
Ether extract. %° 1.67 5.96 8.32 4.03 6.57 8.77 .54 
Ash, % 3.65 3.49 3.12 3.32 2.92 3.14 .22 
N, 2.36 2.57 2.46 2.32 2.42 2.40 .07 
Protein, 14.77 16.09 15.36 14.49 15.15 15.01 .41 
Energy, kcal/g^  .99 1.45 1.59 1.21 1.45 1.61 .06 
S^tandard error. 
L^inear effect of level of intake (P<.01). 
Q^uadratic effect of level of intake (P<.05). 
P^en type effect (P<.05). 
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Table AlO. Effect of level of intake, pen type and time on energy and 
N apparent digestibility coefficients (%), Trial 2 
Cage Pen 
Week 2 
Intake, % BW 
3.5 5 2 
Intake, % BW 
3.5 5 Avg 
Energy*'^ '^ '^ ' 
e 
2 85.9 84.7 83.6 85.5 83.5 82.9 84.3 
4 88.8 88.8 88.3 85.3 85.3 84.4 86.8 
Avg 87.4 86.8 86.0 85.4 84.4 83.7 85.6 
j^ c ,d,f 
2 83.1 83.5 79.9 83.4 80.9 80.4 81.9 
4 86.6 88.7 87.0 82.8 82.8 80.5 84.7 
Avg 84.9 86.1 83.5 83.1 81.9 80.5 83.3 
L^inear effect of level of intake (P<.01). 
P^en type effect (P<.05). 
T^ime effect (P<.01). 
T^ime x pen type interaction (P<.01). 
T^ime x level of intake interaction (P<.01). 
L^inear effect of level of intake (P<.05). 
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Table All. Effect of level of intake, pen type and time on plasma 
urea N in mg/dl, Trial 2 
Cage Pen 
Week^  2 
Intake, % BW 
3.5 5 2 
Intake, % BW 
3.5 5 Avg 
2 19.0 16.6 15.9 13.8 17.4 15.4 16.3 
4 20.6 13.8 13.5 11.8 11.1 11.8 13.8 
Avg 19.8 15.2 14.7 12.8 14.3 13.6 15.1 
T^ime effect (P<.05). 
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Table A12. Effect of level of intake and pen type on daily energy 
utilization, Trial 2^  
Cage Pen 
Intake, % BW Intake, % BW 
Item 2 3.5 5 2 3.5 5 SE^  
GE intake, kcal* 451 841 1421 459 915 1225 79 
Energy gain, % GE 
intakeC'd,e,i 
-20.2 16.1 21.1 1.7 15.5 23.6 .03 
DE intake, kcal^  394 730 1221 392 772 1025 70 
Energy gain, % DE 
intake^ ^^  B -23.1 18.5 24.5 2.0 18.3 28.2 .03 
Net energy, kcal/g® 1.5 2. 1 1.9 2.5 2.0 2.1 .07 
Heat production. 
kcal/kg 75 131 140 182 100 143 157 2.20 
G^E = gross energy; DE = digestible energy; net-energy calculated 
using a daily maintenance requirement of 70 kcal/kg' ; heat produc­
tion = metabolizable energy intake - energy gain. 
S^tandard error. 
L^inear effect of level of intake (P<.01). 
Q^uadratic effect of level of intake (P<.01). 
L^evel of intake x pen type interaction (P<.01). 
P^en type effect (P<.05). 
®DE of diet based on mean digestibility of energy during weeks 
2 and 4. 
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Table A13. Regression equation relating average daily gain with 
energy and protein gain, Trial 2 
Pen Dependent Independent 
Type variable Slope variable Intercept r 
Cage Energy gain, 2.02(1.10) ADG, g/day -97.05(±13.07) .99 
kcal/day 
Pen Energy gain, 1.96(±.15) ADG, g/day -82.93(±19.84) .97 
kcal/day 
Cage Protein gain, 1.42(1.01) ADG, g/day -2.09(11.14) .98 
g/day 
Pen Protein gain, 1.43(1.01) AGD, g/day -3.25(11.34) .98 
g/day 
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APPENDIX B. ADDITIONAL DATA FOR SECTION II 
92 
Table Bl. Analytical results of test diets, Trial 1 
ME concentration, kcal/g 
Item 3.47 3.28 3.09 2.89 
Dry matter, % 88.90 88.96 88.98 88.86 
Dry matter basis 
Nitrogen, % 3.43 3.45 3.45 3.37 
Protein, % 21.42 21.58 21.55 21.08 
Ether extract, % 11.56 8.32 5.65 2.60 
Ash, % 5.62 5.60 5.63 5.65 
Gross energy, kcal/kg 4789 4630 4496 4327 
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Table B2. Effect of energy density and time on daily gain, daily feed 
and feed to gain ratio, Trial 1^  
ME concentration, kcal/g 
Weeks 3.47 3.28 3.09 2.89 Avg 
Daily gain, g^ '^  
1 -3 22 -8 29 10 
2 283 284 304 327 299 
3 350 372 389 357 367 
4 511 541 480 538 518 
5 488 537 567 544 534 
Avg 326 351 347 359 347 
Daily feed, 
1 151 143 112 157 141 
2 304 323 322 382 333 
3 500 531 563 597 548 
4 752 835 782 892 816 
5 869 945 963 1055 958 
Avg 516 556 549 617 559 
Feed to Gain^ '^ '^  
1 10.00 6.84 7.96 5.66 7.62 
2 1.08 1.17 1.07 1.16 1.12 
3 1.45 1.43 1.46 1.70 1.51 
4 1.49 1.55 1.63 1.67 1.58 
5 1.79 1.76 1.71 1.94 1.80 
Avg 3.16 2.55 2.77 2.43 2.73 
*Feed to gain values greater than 10 or negative were set to 10. 
L^inear effect of time (P<.01). 
Q^uadratic effect of time (P<.01). 
C^ubic effect of time (P<.01). 
L^inear effect of energy density (P<.01). 
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Table B3. Effect of energy density and time on plasma urea N and 
daily scour score, Trial 1* 
ME concentration kcal/g 
Week 3.47 3.28 3.09 2.89 Avg 
Plasma urea N, mg/dl^ 'C ,d 
1 17.3 16.8 15.8 16.7 16.7 
2 13.7 13.3 12.5 12.0 12.9 
2 13.5 12.1 12.4 11.4 12.3 
4 11.8 11.5 10.6 12.2 11.5 
5 10.6 10.5 10.2 11.0 10.6 
Avg 13.4 12.8 12.7 12.7 12.8 
Daily scour score^ '^ '^  
1 3.23 3.61 3.82 2.89 3.41 
2 1.11 1.07 1.36 1.18 1.18 
3 1.07 1.25 1.18 1.29 1.20 
4 1.47 1.18 1.22 1.64 1.38 
5 1.47 1.22 1.47 1.14 1.32 
Avg 1.68 1.66 1.81 1.63 1.70 
D^aily scour scoring system was: 1 = normal, all formed stools, 
2-4 = several unformed stools; 5-7 = mostly unformed stools with 
minimal mucus; 8-10 = all unformed stools, dribble and squirters, 
inflamed anus. 
L^inear effect of time (P<.01). 
Q^uadratic effect of time (P<.01). 
C^ubic effect of time (P<.05). 
C^ubic effect of time (P<.01). 
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Table B4. Effect of energy density and time on rate of passage in 
hours, Trial 1 
ME concentration, kcal/g 
Week 3.47 3.28 3.09 2.89 Ave 
First appearance of red color^ '^  • 
3 12.0 12.0 8.0 9,0 10.3 
5 9.0 7.0 9.0 8.0 8.3 
Avg 10.5 9.5 8.5 8.5 9.3 
All feces in pen were red^ *^  
3 25.0 30.0 20.0 16.0 22.8 
5 19.0 20.0 14.0 13.0 17.0 
Avg 22.0 25.0 17.0 14.5 19.6 
First regular coloration reappeared^ '^ '^  
3 54.0 56.0 42.0 40.0 48.0 
5 33.0 36.0 32.0 34.0 33.8 
Avg 43.5 46.0 37.0 37.0 40.9 
All feces â £ normal coloration ' 
3 74.0 73.0 57.0 60.0 66.0 
5 65.0 59.0 55.0 49.0 57.0 
Avg 69.5 66.0 56.0 54.5 61.5 
T^ime effect (P<.01). 
T^ime x energy density interaction (P<.05). 
T^ime effect (P<.05). 
L^inear effect of energy density (P<.05). 
T^ime x energy density interaction (P<.01). 
L^inear effect of energy density (P<.01). 
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Table B5. Analytical results of test diets, Trial 2 
ME concentration, kcal/g 
Item 3.30 3.16 3.01 2.87 
Dry matter, % 88.43 89.01 88.96 89.20 
Dry matter basis 
Nitrogen, % 3.48 3.51 3.41 3.58 
Protein, % 21.72 21.91 21.31 22.40 
Ether extract, % 5.22 5.21 5.28 5.13 
Ash, % 6.61 6.46 6.43 6.43 
Gross energy, kcal/kg 4468 4470 4477 4485 
ADF, %* 3.90 7.72 12.16 17.52 
Lignin, % .89 1.95 1.21 2.17 
Cellulose, % 2.91 5.62 10.78 15.00 
®ADF = acid detergent fiber. 
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Table B6. Effect of energy density on daily gain, daily feed and 
feed to gain ratio, Trial 2 
ME concentration 
Week 3.30 3.16 3.01 2.87 Avg 
Daily gain, g^  
1 165 158 199 122 161 
2 257 321 276 261 277 
3 358 407 413 376 388 
4 499 473 519 456 487 
Avg 320 340 352 304 328 
Daily feed, g^  
1 239 234 267 237 245 
2 404 437 452 408 425 
3 561 620 620 593 598 
4 798 752 808 730 773 
Avg 500 511 537 492 510 
Feed to gain'' 
1 1.82 1.85 1.49 2.98 2.04 
2 1.67 1.42 1.74 1.64 1.62 
3 1.62 1.55 1.62 1.60 1.60 
4 1.61 1.68 1.56 1.60 1.61 
Avg 1.68 1.62 1.60 1.95 
L^inear effect of time (P<.01). 
L^inear effect of time (P<.05). 
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Table B7. Effect of energy density and time on daily gain and daily 
feed, expressed as a percentage of mean body weight for the 
week, Trial 2 
ME concentration, kcal/g 
Week 3.30 3.16 3.01 2.87 Avg 
Daily gain, * & body weight® 
1 3.18 3.20 3.71 2.33 3.10 
2 4.05 5.20 4.26 4.34 4.44 
3 4.37 4.93 4.82 4.82 4.73 
4 4.80 4.42 4.64 4.50 4.59 
Avg 4.10 4.44 4.36 4.00 4.22 
Daily feed. % body weight*'^  
1 4.19 4.23 4.43 4.19 4.26 
2 5.49 6.02 5.93 5.85 5.82 
3 5.91 6.41 6.20 6.46 6.24 
4 6.52 5.95 6.14 6.10 6.19 
Avg 5.53 5.65 5.68 5.65 5.63 
L^inear effect of time (P<.01). 
Q^uadratic effect of time (P<.01). 
Q^uadratic effect of energy density (P<.10). 
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Table B8. Effect of energy density and time on plasma urea N, 
Trial 2 
ME concentration 
Week 3.30 3.16 3.01 2.87 Avg® 
2 13.19 12.06 12.81 14.39 13.14 
4 11.20 11.11 11.45 10.93 11.18 
Avg 12.20 11.59 12.13 12.66 12.16 
T^ime effect (P<.01). 
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Table B9. Effect of energy density on carcass composition, Trial 2 
ME concentration 
Item 3.30 3.16 3.01 2.87 SE* 
Live wt, g 14201 15100 13709 13081 1410 
Empty body wt, g 12878 13426 12131 11512 1262 
Fill, g 718 975 966 906 116 
Dry matter, g 3766 3810 3266 3035 402 
Water, g 9112 9617 8865 8477 868 
Ether extract, g^  1445 1394 1076 942 168 
Ash, g 354 370 345 336 48 
N, g 308 320 290 273 33 
Protein, g 1926 1999 1815 1711 209 
Energy, kcal 24477 24073 20230 18344 2655 
S^tandard error. 
linear effect of energy density (P<.10). 
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Table BIO. Effect of energy density on daily energy utilization, 
Trial 2^  
ME concentration, kcal/g 
Item 3.30 3.16 3.01 2.87 SE^  
GE intake, kcal 1955 2066 1917 1784 265 
Energy gain. % 
GE intake 29.31 28.80 23.11 21.59 1.21 
DE intake, kcal^  1593 1646 1444 1201 193 
Energy gain, % 
DE intake 36.07 36.12 30.67 32.02 2.18 
Heat production, kcal 878 917 883 716 87 
Heat production. 
kcal/kg 156 162 163 136 9.39 
Net energy, kcal/g^  1.99 1.92 1.71 1.70 .05 
G^E = gross energy; DE = digestible energy; net^ gnergy calculated 
using a daily maintenance requirement of 70 kcal/kg' ; heat produc­
tion = metabolizable energy intake - energy gain. 
S^tandard error. 
L^inear effect of energy density (P<.01). 
'^ DE of diets based on mean digestibility of energy during weeks 
2 and 4. 
